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WLPHOLPLWHG YHKLFOH DFFHVV WR SHGHVWULDQ DUHDV OHDGV WR LPSDLUPHQW RI HIILFLHQW URXWH SODQQLQJ DQG
WKHUHZLWKWRLQFUHDVHGFRVWMXVWDVWKHQHHGRIJRRGV
PDQXDOUHORDGLQGHSRWEHIRUHVKLSPHQWWRGHOLYHU\
]RQHDQGEHIRUHGHOLYHU\LQDUHDVDQGEXLOGLQJVQRWDFFHVVLEOHZLWKFDUVDQGYDQV)LJE
0DQ\RIWKHVHSUREOHPVZLWKWKHSUHVHQWGHOLYHU\VFHQDULRDUHFDXVHGE\XVHRIFRQYHQWLRQDOFDUVDQG
YDQVIRUGHOLYHU\7KHUHIRUHZLWKWKHSUREOHPVGHVFULEHGH[WHQVLYHSRWHQWLDOIRULPSURYHPHQWFRQFHUQLQJ
DOO SDUWLFLSDQWV FDQ EH DFKLHYHG E\ DOWHUQDWLYH GHOLYHU\ VFHQDULRV XVLQJ YHKLFOHV HVSHFLDOO\ GHVLJQHG WR
PHHWWKHGHPDQGVRIXUEDQVKLSPHQWDQGGHOLYHU\LQWHUPVRIWUDIILFORJLVWLFVDQGHQYLURQPHQW
7KHIUHLJKWWUDQVSRUWV\VWHPSUHVHQWHGLQWKLVSDSHULVDFRPELQHGVROXWLRQIRULPSOHPHQWDWLRQRIWZR
VXFK DOWHUQDWLYH GHOLYHU\ VFHQDULRV ZKRVH UHVSHFWLYH DSSOLFDWLRQ LQ GDLO\ URXWLQH LV DOUHDG\ SURYHQ LQ
SULQFLSOH7KHILUVWVROXWLRQVKLSPHQWDQGGHOLYHU\XVLQJDVPDOOPXOWLSOHWUDLOHUYHKLFOHZDVVXFFHVVIXOO\
WHVWHG LQ D ILHOG WHVW ZLWKLQ (8 UHVHDUFK SURMHFW ),'(86 DV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSK LQ
GHWDLODQGLVDVZHOOVXFFHVVIXOO\LPSOHPHQWHGLQGDLO\URXWLQHZLWKWKH³&DUJR+RSSHU´YHKLFOHV\VWHP
LQWKH1HWKHUODQGV/LQWPHLMHU7KHVHFRQGVROXWLRQODVWPLOHSDUFHOGHOLYHU\RQIRRWZDVWHVWHGLQ
VHYHUDO UHVHDUFKSURMHFWVEXWKDVXVXDOO\EHHQDEDQGRQHGDIWHUD IHDVLELOLW\VWXG\RUDSUHOLPLQDU\ ILHOG
WHVW 'DEODQF  %XW D SURRI RI FRQFHSW UHIHUULQJ WR WKLV LV WKH )UHQFK SDUFHO GHOLYHU\ VHUYLFH
&KURQRSRVW¶VGDLO\XVDJHRI³&KURQRFLW\³DQHOHFWULFDOO\SURSXOVHGWKUHHZKHHOHGKDQGFDUWORDGHGZLWK
ORFNDEOHFRQWDLQHUVZKLFKLVEURXJKWWRWKHFLW\FHQWUHE\DVSHFLILFYDQ3DWLHU
%DFNJURXQG
7KHYHKLFOHFRQFHSWSUHVHQWHG LQ WKLVSDSHU LVEDVHGRQD UHVXOWRI WKH(8UHVHDUFKSURMHFW),'(86
)UHLJKW ,QQRYDWLYH'HOLYHU\ LQ(XURSHDQ8UEDQ6SDFHV D MRLQW SURMHFW LQYROYLQJ ORJLVWLF FRPSDQLHV
YHKLFOH PDQXIDFWXUHUV ORFDO DXWKRULWLHV DQG UHVHDUFK LQVWLWXWHV DPRQJ RWKHUV RXU JURXS IURP WKH
)UDXQKRIHU ,3.),'(86ZDV LQWHQGHG WRFRQWULEXWH WR UHGXFLQJERWK WUDIILFDQGHPLVVLRQV LQFLWLHVDV
ZHOO DV LPSURYLQJ HIILFLHQF\ RI GHOLYHU\ E\ HQKDQFLQJ ORJLVWLFV DQG WUDQVSRUWDWLRQ SURFHVVHV 7KH
REMHFWLYHZDVWROHYHORXWWKHLQWHUHVWVRIORFDOFRPPXQLWLHVRIEXVLQHVVSHRSOHDQGWKHLUFXVWRPHUVDQG
RIORJLVWLFFRPSDQLHVZKHQGHDOLQJZLWKUHJLRQDOHFRQRPLFWUDIILF

 
)LJD6HFRQGODQHSDUNLQJFDXVLQJWUDIILFLPSDLUPHQWE0DQXDOUHORDGEHIRUHGHOLYHU\
 
)LJ)LUVWYHUVLRQRI0LFUR&DUULHURSHUDWHGE\'+/LQ+DQRYHU*HUPDQ\ZLWKLQ(8UHVHDUFKSURMHFW),'(86
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%DVHG RQ WKHVH LQWHUHVWV DQG GHYHORSHG WHVW VFHQDULRV GHPDQGV IRU YHKLFOH WHFKQRORJ\ ZHUH
IRUPXODWHG2QHRIWKHFRQFHSWVGHYHORSHGLVWKHWUDLQOLNH0&890LFUR&DUULHU8UEDQ9HKLFOHVKRZQ
LQ)LJ ,W FRQVLVWVRIDQHOHFWULFDOO\GULYHQ WUDFWRUXQLW DQGVHYHUDO VRFDOOHG0LFUR&DUULHUV WUDQVSRUW
XQLWV ZLWK QDUURZ WUDFNZLGWK ORDGHGZLWK UHPRYDEOH FRQWDLQHUV 7KH0LFUR&DUULHUVZHUH XWLOL]HG DQG
SRVLWLYHO\ HYDOXDWHG E\ '+/ LQ D ILHOG WHVW LQ WKH FLW\ RI +DQRYHU *HUPDQ\ LQ  DW ZKLFK WKH\
SURYHGVHYHUDODGYDQWDJHVLQFRPSDULVRQZLWKFRQYHQWLRQDOYHKLFOHV7KHVHDUHLQSDUWLFXODU
x 'ULYLQJLQSHGHVWULDQDUHDVZLWKUHGXFHGLPSDLUPHQWRISHGHVWULDQVGXHWRVLJQLILFDQWUHGXFWLRQRI
QRLVHHPLVVLRQDEVHQWH[KDXVWJDVSROOXWLRQDQGORZVSDFHUHTXLUHG7KLVOHDGVWRLQFUHDVHG
SHGHVWULDQV¶FRPIRUWDQGVHFXULW\DQGWRWKHSRVVLELOLW\RIDFKLHYLQJDXWKRULW\
VSHUPLVVLRQIRUGHOLYHU\
EH\RQGH[LVWLQJWLPHOLPLWDWLRQVIRUSDVVLQJRYHUSHGHVWULDQDUHDV7KLVSHUPLVVLRQZRXOGOHDGWR
LQFUHDVHGVHUYLFHTXDOLW\DQGIOH[LELOLW\LQURXWHSODQQLQJ
x 3RVVLELOLW\RIGULYLQJDQGSDUNLQJRQVLGHZDONV9DQVGRLQJODVWPLOHGHOLYHU\DUHYHU\RIWHQSODFHGRQ
ELNHODQHVRULQVHFRQGODQHUHGXFLQJWUDIILFFDSDFLWLHVDQGFDXVLQJULVNVDVZHOODVLQFUHDVHGH[KDXVW
DQGQRLVHSROOXWLRQWKURXJKHQFXPEHUHGURDGXVHUV
GHDQGDFFHOHUDWLRQSURFHVVHV
x $GDSWLYLW\RIWUDQVSRUWXQLW
VTXDQWLW\WRGLIIHUHQWUHTXLUHPHQWVLQFUHDVHVIOH[LELOLW\LQURXWHSODQQLQJ
,Q DGGLWLRQ WR FRQILUP WKH SUHGHVFULEHG DGYDQWDJHV ZLWKLQ WKH ILHOG WHVWV DOVR SRWHQWLDO IRU
LPSURYHPHQWZDVGHWHUPLQHG7KHVHSRVVLEOHLPSURYHPHQWVFRQFHUQLQJYHKLFOHWHFKQRORJ\DUHLQGHWDLO
x 1HHGIRUWKHPXOWLWUDLOHUYHKLFOH
VWUDFNIROORZLQJDELOLW\WRUHGXFHVSDFHUHTXLUHGIRUPDNLQJWXUQVLQ
FURZGHGDUHDV
x $SSOLFDELOLW\RIVLQJOH0LFUR&DUULHUWUDQVSRUWXQLWVDVKDQGJXLGHGYHKLFOHIRUGHOLYHU\RQIRRWDQGIRU
SDVVLQJRYHUFURZGHGDUHDVLQVLGHRIEXLOGLQJVZLWKKLJKFXVWRPHUGHQVLW\VXFKDVPDOOVRUEXVLQHVV
SDUNVLHWRVDYHFRVWIRUPDQXDOUHORDGRIJRRGVEHIRUHGHOLYHU\7KLVIHDWXUHFRXOGDOVRHOLPLQDWH
PDQXDOUHORDGLQGHSRWYLDGLUHFWO\ORDGLQJWKH0LFUR&DUULHUDWDEHOWFRQYH\RU
%DVHGRQWKHVHUHVXOWVDQHQKDQFHGYHKLFOHV\VWHPZDVGHYHORSHGDQGEXLOWDW)UDXQKRIHU,3.WKDWLV
WRIHDWXUHERWKWKHDGYDQWDJHVRIWKH0&89GHYHORSHGLQ),'(86DQGWKHSUHGHVFULEHGLPSURYHPHQWV
0XOWLPRGDO0LFUR&DUULHU8UEDQ9HKLFOH0&89
9HKLFOHFRQFHSWDQGDSSOLFDWLRQVFHQDULR
7KHGHYHORSHGYHKLFOHFRQFHSW
VFRUHLVDXQLD[LDOWUDQVSRUWXQLW7KLVDGYDQFHG0LFUR&DUULHUXQLW LV
GHVLJQHG IRU DSSOLFDWLRQ ERWK DV SDUW RI D PXOWLSOH WUDLOHU YHKLFOH LQ FRPELQDWLRQ ZLWK DQ HOHFWULFDOO\
SRZHUHGJXLGDQFHXQLWDQGZLWKIXUWKHU0LFUR&DUULHUV)LJDDQGDVKDQGJXLGHGWUDQVSRUWXQLW)LJ
EZKHUHE\WKHXQLD[LDOGHVLJQZDVFKRVHQWRSURYLGHPD[LPXPPDQRHXYUDELOLW\(DFK0LFUR&DUULHU
IHDWXUHVDVHSDUDWHHOHFWULFGULYHV\VWHPZKHUHE\WKH0LFUR&DUULHUVFRPSRVHDYHKLFOHZLWKGLVWULEXWHG
GULYHV LQFRPELQDWLRQPRGHDVZHOO DVD WUDQVSRUWXQLWXQORDGLQJ WKHXVHU IURP IRUFH IRUSURSXOVLRQ LQ
KDQGJXLGHG PRGH 9LD WKLV GXDOSXUSRVH DSSOLFDELOLW\ WKH QHZ 0LFUR&DUULHU FRQFHSW SHUIRUPV
PXOWLPRGDOWUDQVSRUWDWZKLFKKDQGOLQJQHLWKHUWKHIUHLJKWLWVHOIQRUFRQWDLQHUVLVQHFHVVDU\GXULQJFKDQJH
RIPRGHV
  
)LJ&RQFHSWRIWKH0XOWLPRGDO0LFUR&DUULHU8UEDQ9HKLFOH0&89WUDQVSRUWV\VWHPD0LFUR&DUULHUVZLWKJXLGDQFHXQLWDV
ORQJFRPELQDWLRQYHKLFOHEVLQJOH0LFUR&DUULHUGHFRXSOHGDQGKDQGJXLGHG
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 
)LJ$SSOLFDWLRQVFHQDULRVIRULQWUDXUEDQVKLSPHQWDQGGHOLYHU\XVLQJ0XOWLPRGDO0LFUR&DUULHU8UEDQ9HKLFOH0&89LQD
VLQJOHPRGHDQGEFRPELQDWLRQPRGH
8VHGDVKDQGJXLGHGYHKLFOHWKHSRZHUIRUWKH0LFUR&DUULHU
VSURSXOVLRQDQGVHOIFRQWDLQHGEDODQFLQJ
LV SURYLGHG E\ WKH FDUULHU
V FRQWUROOHG GULYH V\VWHP 3URYLGLQJ WKLV DGGLWLRQDO GULYLQJ PRGH WKH
FRQYHQWLRQDO KDQGOLQJ RI JRRGV WR D KDQGJXLGHGPHDQV RI WUDQVSRUW HJ D KDQG WUXFN LV RPLWWHG DV
GHVFULEHG IROORZLQJ LQ GHWDLO 7KLV LQFUHDVHV HIILFLHQF\ DQG DOORZV IRU WKH GHOLYHU\ RI KHDY\ JRRGV
H[FHHGLQJWKHOLPLWDWLRQVLQFRQYHQWLRQDOGHOLYHU\GXHWRPDQXDOKDQGOLQJEHFDXVHWKHIULJKWVWD\VRQWKH
FDUULHUXQWLOKDQGRYHUWRWKHUHFLSLHQW
)LJ  LOOXVWUDWHV WKH WZR PDLQ DSSOLFDWLRQ VFHQDULRV IRU LQWUD XUEDQ VKLSPHQW DQG GHOLYHU\ XVLQJ
0XOWLPRGDO0&89
D7KH0LFUR&DUULHUVDUHHTXLSSHGZLWKORFNDEOHFRQWDLQHUVZKLFKFDQEHDXWRPDWLFDOO\ORDGHGLQWKH
GHSRW+HUHE\WKHLQHIILFLHQWPDQXDOUHORDGSURFHVVRILQGLYLGXDOJRRGVIURPZLUHFDJHVLQWRWKHGHOLYHU\
YDQZLOOEHREVROHWH
E$IWHUFKDUJLQJLQWKHGHSRWWKH0LFUR&DUULHUVDUHEHLQJWUDQVSRUWHGWRWKHGHOLYHU\]RQHE\DYDQ
7KH0LFUR&DUULHUV
JXLGDQFHYHKLFOHFDQVWD\LQDSDUNLQJVSDFHLQWKHGHOLYHU\]RQHDOWHUQDWLYHO\
F ,Q WKH GHOLYHU\ ]RQH WZR VFHQDULRV DUH SURMHFWHG ODVWPLOHGHOLYHU\ RQ IRRW XVLQJ VLQJOH
0LFUR&DUULHUV )LJ  D ZLWK GHOLYHU\ LQ D VWDUVKDSHG URXWH RU XVLQJ0LFUR&DUULHUV LQ FRPELQDWLRQ
PRGH)LJEZLWKGULYLQJWKHFRPPRQGHOLYHU\URXWHH[HFXWHGXVLQJFDUVRUYDQVXSWRQRZ,QERWK
VFHQDULRV WKH 0LFUR&DUULHUV
 TXDQWLW\ LV DGDSWDEOH WR WKH LQGLYLGXDOO\ UHTXLUHG FDSDFLWLHV 7KDQNV WR
QDUURZWUDFNZLGWKDQGORZQRLVHHPLVVLRQWKHSRVVLELOLW\RIREWDLQLQJOHJDOUHTXLUHPHQWVIRUGULYLQJLQ
SHGHVWULDQDUHDVDVZHOODVRQSDYHPHQWVDQGIRUGHOLYHU\ZLWKRXWWHPSRUDOUHJXODWLRQVH[LVWV7KLVZRXOG
OHDGWRUHGXFHGGLVWDQFHVLQHIILFLHQWO\FRYHUHGRQIRRWWRUHGXFHGWUDIILFGLVWXUEDQFHVFDXVHGE\GRXEOH
SDUNLQJDQGWRKLJKHUIOH[LELOLW\ZLWKURXWHSODQQLQJ
G7R SURYLGH IRU GHOLYHU\ LQ EXLOGLQJVZLWK KLJK FXVWRPHU GHQVLW\ VXFK DVPDOOV RU EXVLQHVV SDUNV
UHPRYLQJDVLQJOH0LFUR&DUULHUIURPWKHYHKLFOHFRPELQDWLRQDQGLWVPDQXDOJXLGLQJLQVLGHWKHEXLOGLQJ
HOLPLQDWHVWLPHFRQVXPLQJDQGWKHUHZLWKFRVWLQWHQVLYHUHORDGRQKDQGWUXFNZKLFKLVVWDQGDUGSUDFWLFH
XSWRQRZ
([SHULPHQWDOYHKLFOHDQGGHVLJQSURWRW\SH
$QH[SHULPHQWDOYHKLFOHRI WKH WUDQVSRUWV\VWHPZDVGHYHORSHGDQGEXLOW )LJDW)UDXQKRIHU ,3.
ZLWKLQ WKH )UDXQKRIHU LQWHUQDO UHVHDUFK SURJUDP ³)UDXQKRIHU 6\VWHP 5HVHDUFK IRU (OHFWURPRELOLW\
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)6(0´7KHYHKLFOHFRQVLVWVRIWKUHH0LFUR&DUULHUXQLWVDVZHOODVDWUXFNEXLOWE\WKH*HUPDQYHKLFOH
PDQXIDFWXUHU7XHQNHUVDVJXLGDQFHYHKLFOH7KH0LFUR&DUULHUV
IUDPHVDUHEXLOWIURPDOXPLQXPSURILOHV
VRNLQHPDWLFSDUDPHWHUVFDQEHFKDQJHGTXLFNO\IRUWHVWSXUSRVHV$0LFUR&DUULHU
VOHQJWKLVDSSUR[
PHWHUV SOXV WRZEDU LW
V WUDFN ZLGWK LV  PHWHUV 7KH FDUULHUV DUH HTXLSSHG ZLWK GULYH V\VWHPV
FRPSXWHU KDUGZDUH VHQVRUV DQG EDWWHULHV WR SURYLGH D IOH[LEOH GHYHORSPHQW SODWIRUP IRU FRQWURO
DOJRULWKPV
7KH GHVLJQ SURWRW\SH )LJ  D E UHSUHVHQWV WKH0XOWLPRGDO0&89¶V QH[W HYDOXDWLRQ VWHS ,W LV
GHVLJQHG WR EH UHDG\ IRU RSHUDWLRQ LQ GDLO\ XVH VFHQDULR ILHOG WHVWV %HVLGHV RSWLFDO DQG HUJRQRPLF
HQKDQFHPHQWVLWVPDLQDGYDQWDJHLVDQHQODUJHGDQGEORFNVKDSHGORDGLQJVSDFHIRUORFNDEOHFRQWDLQHUV
ZLWKRXWOLPLWDWLRQVE\VSDFHIRUGULYHFRPSRQHQWVVXFKDVPRWRUVDQGJHDUV7KLVZDVPDGHSRVVLEOHE\
GHYHORSPHQWRIDQRYHOZKHHOKXEPRWRU)LJFDW)UDXQKRIHU,3.,WLVGHVLJQHGHVSHFLDOO\IRUXVH
ZLWKHOHFWULFPLFURYHKLFOHV7KHV\QFKURQRXVPRWRULVFRPSOHWHO\LQWHJUDWHGLQWKHZKHHODWZKLFKWKH
URWRUDQGULPIRUPDSDFNDJHVWDWRUIRUPVDIODQJHIRUPRXQWLQJWKHPRWRUWRWKHFKDVVLVZLWKRXWDQD[LV
7UDFNIROORZLQJGULYLQJLQORQJFRPELQDWLRQYHKLFOHPRGH
$SUHFRQGLWLRQIRUWKHORQJFRPELQDWLRQYHKLFOH
VHUJRQRPLFDSSOLFDWLRQLQFURZGHGXUEDQDUHDVLVDOO
0LFUR&DUULHUV
UHVSHFWLYHO\YHKLFOHXQLWV
WUDFNIROORZLQJDELOLW\
8S WR QRZ WKLV WUDLQOLNH JXLGDQFH LV ZHOO NQRZQ LQ FRQMXQFWLRQ ZLWK ORQJ FRPELQDWLRQ YHKLFOHV

WUDLOHUVDQGVHPLWUDLOHUVYLDFRQWUROOHGDQJOHYDULDWLRQRIWKHWUDLOHUV
D[OHV:DJQHUHWDO

 
)LJ([SHULPHQWDOYHKLFOHRIWKH0XOWLPRGDO0&89WUDQVSRUWV\VWHPDFRPELQDWLRQPRGHEVLQJOHPRGH
  
)LJDE0LFUR&DUULHUGHVLJQSURWRW\SHFZKHHOKXEPRWRU
2449 Matthias Brüning and Werner Schönewolf /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2444 – 2453 

)LJ6LPXODWLRQVKRZLQJJXLGDQFHXQLWZLWK0LFUR&DUULHUVDQGUHVSHFWLYHGULYHQWUDMHFWRULHV2SHUDWLRQZLWKRXWOHIWDQGZLWK
WUDFNIROORZLQJV\VWHPULJKW
 
)LJ0HDVXUHPHQWUHVXOWVRIH[SHULPHQWDOYHKLFOHZLWKWUDFNIROORZLQJV\VWHPJXLGDQFHXQLWIROORZHGE\RQH0LFUR&DUULHU
+RZHYHU LQ FDVHRI WKHPXOWLPRGDO0LFUR&DUULHU FRQFHSW D VROXWLRQZDV UHTXLUHG WKDW RIIHUV UREXVW
VWHHULQJ LQ ERWK ORQJ FRPELQDWLRQ YHKLFOH PRGH DQG KDQGJXLGHG EDODQFLQJ PRGH $GGLWLRQDOO\ WKH
VROXWLRQRXJKW WREHFRVWHIILFLHQWDQGUREXVW7KHUHIRUHVNLGVWHHULQJDVNQRZQ IURPWUDFNHGYHKLFOHV
ZDVFKRVHQ$WWKLVWKHVWHHULQJIXQFWLRQLVDFKLHYHGE\GLYHUJLQJURWDWLRQVSHHGVRIRQHD[OH
V OHIWDQG
ULJKW ZKHHO:LWK WKLV VWHHULQJ PHWKRG WKH VHYHUDO0LFUR&DUULHUV EHFRPH VHOISURSHOOLQJ XQLWV VR WKH
JXLGDQFHXQLWGRHVQRWSXOOEXWOHDGWKHFRPELQDWLRQ
)URP WKH FRQWURO SRLQW RI YLHZ D VROXWLRQ ZDV HVVHQWLDO WKDW DOORZV IRU WKH YDULDWLRQ RI WKH
0LFUR&DUULHUV
 TXDQWLW\ DQG RUGHU ZLWKLQ WKH YHKLFOH FRPELQDWLRQ DV ZHOO DV WKH DUELWUDU\ UHPRYDO RI
0LFUR&DUULHUV IURP WKH FRPELQDWLRQ 7KHUHIRUH DQ DSSURDFK ZLWK GLVWULEXWHG FRQWUROOHUV ZDV FKRVHQ
:LWK WKLV WKH0LFUR&DUULHUV
 GULYHV DUH QRW FRQWUROOHG GHSHQGHQW RQ D FHQWUDO VWHHULQJ FRPPDQG YLD
VWHHULQJZKHHORUFRQWUROKDQGOHEXWHDFKFDVHGHSHQGHQWRQWKHWUDMHFWRU\RIWKHYHKLFOHGULYLQJDKHDG
$ VLPXODWLRQ VKRZLQJ WKH DGYDQWDJH RI GULYLQJ QDUURZ FXUYHV ZLWK WKH GHYHORSHG WUDFN IROORZLQJ
FRQWUROOHU LV VKRZQ LQ )LJ  LQ SULQFLSOH 7KH V\VWHP UHGXFHV WKH VSDFH UHTXLUHG VLJQLILFDQWO\ 7KH
FRQWUROOHUKDVEHHQLPSOHPHQWHGDQGWHVWHGRQWKHDIRUHPHQWLRQHGH[SHULPHQWDOYHKLFOHSODWIRUP)LJ
VKRZV UHVXOWV RI WZR WHVW FDVHV XVLQJ D JXLGDQFH YHKLFOH DQG RQH 0LFUR&DUULHU 7KH 0LFUR&DUULHU
H[SHULPHQWDO YHKLFOH LV GHVLJQHG IRU GULYLQJ FXUYHV ZLWK D PLQLPXP UDGLXV RI  PHWHUV 7KH
0LFUR&DUULHU¶VWUDFNGHYLDWLRQUHODWHGWRWKHJXLGDQFHXQLW¶VWUDFNZLWKLQWKLVVSHFLILFDWLRQLVORZHUWKDQ
PLOOLPHWHUV%HORZWKHVSHFLILHGUDGLXVRIPHWHUVWKHGHYLDWLRQLQFUHDVHVDVVKRZQLQ)LJEDWWKH
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HQGRIWKHGLDJUDPPHGWUDMHFWRU\7KHWHVWUHVXOWVVKRZLQSULQFLSOHWKHRSHUDELOLW\RIWKHWUDFNIROORZLQJ
V\VWHPLQSDUWLFXODULWVXQGHUO\LQJNLQHPDWLFSULQFLSOHDQGFRQWURODOJRULWKP
+DQGJXLGHGRSHUDWLRQLQVLQJOHPRGH
7RDOORZIRUVDIHDQGHUJRQRPLFKDQGJXLGHGXVDELOLW\WKLVQHZFODVVRIXQLD[LDOWUDQVSRUWXQLWV¶GULYH
V\VWHPPXVWSURYLGHIRUPDLQO\WZRIXQFWLRQDOLWLHV
x EDODQFLQJWKHFDUULHUZLWKRXWQHHGIRUH[WHUQDOVXSSRUWDQG
x VDIHDQGLQWXLWLYHKDQGJXLGHGPDQRHXYUHRIWKHYHKLFOHZLWKH[FXOSDWLRQRIWKHXVHUIURPKLJKORDGV
5HOLDEOH FRQIRUPDQFH WR WKHVH UHTXLUHPHQWV LV WKH JRDO RI RXU UHVHDUFK RQ WKH FRQWUROOHU IRU KDQG
JXLGHGRSHUDWLRQ
%DODQFHFRQWUROOHUIRUXQLD[LDOIUHLJKWWUDQVSRUWYHKLFOHV
:LWK EDODQFLQJ D XQLD[LDO YHKLFOH IRU IUHLJKW WUDQVSRUW D IXQGDPHQWDO GLIIHUHQFH H[LVWV FRPSDUHG WR
EDODQFH FRQWUROOHUV IRU XQLD[LDO SDVVHQJHU WUDQVSRUWDWLRQ YHKLFOHV :LWK WKHVH WKH DFFHOHUDWLRQ DQG
VORZGRZQ FRPPDQGV DUH FRQWUROOHG E\ WKH SHUVRQ VWDQGLQJ RQ WKH YHKLFOH VHQVLEO\ VKLIWLQJ KLV RU KHU
FHQWUHRIPDVVIRUZDUGRUEDFNZDUGLHVKLIWLQJFHQWUHRIJUDYLW\LVLQWHUSUHWHGDVSURSXOVLRQFRPPDQG
E\WKHFRQWUROOHU([DFWO\WKHRSSRVLWHLVHVVHQWLDOZLWKDXQLD[LDOIUHLJKWWUDQVSRUWV\VWHP$FKDQJHRI
WKH DQJOH EHWZHHQ FKDVVLV DQG FHQWUH RI JUDYLW\ &2* UHODWLYH WR WKH D[OH DQJOH șV)) LQ )LJ  D
FDXVHGE\HDFKORDGLQJDQGXQORDGLQJRIIUHLJKWPD\QHLWKHUWULJJHUDSURSXOVLRQFRPPDQGQRULPSDLU
WKHYHKLFOH
VEDODQFHVWDELOLW\7KHFRQWUROOHUPXVWSHUPDQHQWO\DGDSWWKHYHKLFOHFKDVVLV
SLWFKDQJOHș)
IRUSRVLWLRQLQJWKHGLVSODFHG&2*V)H[DFWO\DVUHTXLUHG
2QHRIWKHFKDOOHQJHVWRIDFHKHUHLVWKHLPSRVVLELOLW\RIPHDVXULQJWKH&2*¶VDQJOHșV)E\PHDQVRID
VHQVRU7KHUHVSHFWLYHJ\URVFRSHVHQVRUFDQRQO\EHPRXQWHGDWWKHFKDVVLV,WFDQWKHUHIRUHRQO\PHDVXUH
WKH FKDVVLV¶ DQJOH ș) 0HDVXULQJ ORDG WR FDOFXODWH V) DQG șV) LV DOVR QRW SRVVLEOH ZLWK PDLQWDLQDEOH
FRPSOH[LW\ 3UHYLRXV FRQWURO DSSURDFKHV IRU VXFK W\SH RI PHFKDQLVP 7LUPDQW HW DO  DGGUHVV
YHKLFOHVIRUSHRSOHWUDQVSRUWZKLFKOHDGVWRGLIIHUHQWGHPDQGVWRFRQWURODVGHVFULEHGLQWKHIRUHJRLQJ
SDUDJUDSKLQGHWDLO
7RUHVROYHWKHGLIILFXOW\RIYDULDEOHTXDVLVWDWLFFKDVVLVDQJOHș)DQGYDULDEOHSD\ORDGZHGHYHORSHGDQ
DGDSWLYHEDODQFHFRQWURODOJRULWKPEDVHGRQVWDWHVSDFHUHSUHVHQWDWLRQZLWKDGGLWLRQDOHVWLPDWLRQRIWKH
QRWPHDVXUDEOH&2*¶VDQJOHșV)$FFRUGLQJWRSUHYLRXVVROXWLRQVIRUVWDELOL]LQJLQYHUWHGSHQGXOXPVDQG
XQLD[LDOYHKLFOHVUHVSHFWLYHO\VWDWHVSDFHFRQWUROIHDWXUHVRXWVWDQGLQJSHUIRUPDQFHFRQFHUQLQJUREXVWQHVV
DQG VSHHG7KH FKRVHQ VWDWH YHFWRU[ UHSUHVHQWV WKH YHKLFOH¶V NLQHWLF DQG SRWHQWLDO HQHUJ\ VWRUDJHV LWV
FRQWHQWLV
[ > [ \ V)T V)T @7  

 
)LJ.LQHPDWLFDQGG\QDPLFYDULDEOHVRIEDODQFLQJ0LFUR&DUULHUDSLWFKDQJOHVEH[WHUQDOGLVWXUEDQFHIRUFHV
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
)LJ3URJUDPIORZFKDUWGHVFULELQJFRQWUROFRQFHSWIRUKDQGJXLGHGPDQRHXYUHRIXQLD[LDOIUHLJKWWUDQVSRUWYHKLFOHVLQ
SDUWLFXODUDXWRPDWLFVZLWFKEHWZHHQ³UHORDGPRGH´DIWHUFKDQJHRIORDGDQG³PDQRHXYUHPRGH´IRUXQLD[LDOYHKLFOH¶VKDQGJXLGHG
PDQRHXYUH
ZKHUHE\ [ GHVFULEHVWKH0LFUR&DUULHU¶VWUDQVODWRU\VSHHGDQG\ LWVKRUL]RQWDOURWDWRU\VSHHG:KLOH
VWDWH[LHWKH&2*¶VDQJOHșV)PXVWEHHVWLPDWHGDVGHVFULEHGEHIRUHLWVWLPHGHULYDWLYH[FDQEH
GLUHFWO\PHDVXUHGE\PHDQVRIDJ\URVFRSHZLWK WKHH[FHSWLRQRIHUURU LQ WKHPRPHQWRIFKDQJLQJ WKH
FDUULHU¶VORDGZLWKVXEVHTXHQWFKDQJHRIDQJOHșV))
0DQXDOO\JXLGDEOHPDQRHXYUHFRQWUROOHUIRUXQLD[LDOIUHLJKWWUDQVSRUWYHKLFOHV
&RQFHUQLQJ WKH PDLQ IXQFWLRQDOLW\  ࡳ  LQWXLWLYH KDQGJXLGHG PDQRHXYUDELOLW\  ࡳ  WZR FRQFHSWV ZHUH
GHYHORSHG
7KH ILUVW FRQFHSW LVEDVHGRQGLVWXUEDQFH IRUFH LGHQWLILFDWLRQ*RDORI WKLVFRQFHSW LV WKHHOLPLQDWHG
QHFHVVLW\IRUVSHFLILFKDQGJULSVHTXLSSHGZLWKVHQVRUV5HVXOWDQWDGYDQWDJHVDUHPDQRHXYUDELOLW\RIWKH
YHKLFOHE\SXVKLQJRUSXOOLQJ WKHFKDVVLVDW DQ\SRVLWLRQDQGDGGLWLRQDOO\ UHGXFHGFRVWRIPDQXIDFWXUH
GXHWRQRWUHTXLUHGVHQVRUKDUGZDUH
&RUHRIWKLVFRQFHSWLVDVRSKLVWLFDWHGGLVWXUEDQFHREVHUYHUDGGHGWRWKHVWDWHVSDFHEDODQFHFRQWURO
,WVIXQFWLRQLVLGHQWLI\LQJWKHGLVWXUEDQFHIRUFHV)0VHH)LJELQGHWDLO)0ORQWKHOHIWVLGHDQG)0U
RQWKHULJKWVLGHDSSOLHGE\WKHRSHUDWRUWRWKHYHKLFOHIRUWKHSXUSRVHRIPDQRHXYUH,QSULQFLSOHZLWK
RSHUDWLRQ RI WKH 0LFUR&DUULHU LQ DGGLWLRQ WR )0 WZR IXUWKHU H[WHUQDO GLVWXUEDQFH IRUFHV UHDFW RQ WKH
YHKLFOH )LJ E7KHVHDUH IRUFHDSSOLHGE\ WKHXQGHUJURXQG)8 DQG IRUFHDSSOLHGE\ ORDG)/7KH
GLVWXUEDQFH REVHUYHU¶V IXQFWLRQ LV LGHQWLILFDWLRQ RI WKHVH VLQJOH IRUFHV ZLWKRXW PHDVXUHPHQW WR PDNH
SRVVLEOHGHILQLWH FRQWUROOHU UHDFWLRQ HJ FKDQJHRI WUDQVODWRU\ DQG URWDWRU\YHKLFOH VSHHGGHSHQGHQWRQ
IRUFH)0DSSOLHGIRUPDQRHXYUH
$FKDOOHQJHZLWKWKLVFRQFHSWZDVGLIIHUHQWLDWLRQEHWZHHQLQIOXHQFHRIIRUFHV)/DQG)0DVERWKIRUFHV
LPSDFWYHU\VLPLODURQWKHFRQWUROOHU$GGLWLRQDOO\)/QRWRQO\YDULHVGXHWRFKDQJHRIORDGLWDOVRYDULHV
SHUPDQHQWO\ZKLOHGULYLQJEHFDXVHRIFKDQJLQJLQHUWLDIRUFHGXHWRYHUWLFDODFFHOHUDWLRQRIWKHYHKLFOHE\
GULYLQJ RQ XQHYHQ JURXQG 7KHUHIRUH D VROXWLRQ ZDV GHYHORSHG ZKLFK VZLWFKHV WKH FRQWURO DOJRULWKP
EHWZHHQWZRPRGHV)LJZLWKVWDUWLQJWKHDOJRULWKPLVLQ³UHORDGPRGH´+HUHWKH&2*¶VDQJOHșV)LV
HVWLPDWHGDVGHVFULEHGLQWKHIRUHJRLQJSDUDJUDSK7KLVKDSSHQVLQVWDQGVWLOOWKHXVHULVLQIRUPHGQRWWR
PRYHWKHYHKLFOHZKLOHWKLVFDOLEUDWLRQ$IWHUILQLVKHGHVWLPDWLRQWKHDQJOHșV))EHWZHHQFKDVVLVDQJOHș)
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DQG&2*¶VDQJOHșV)LVFDOFXODWHGDQGWKHDOJRULWKPVZLWFKHVWR³PDQRHXYUHPRGH´7KHXVHUUHFHLYHVD
VLJQDO JLYLQJ UHOHDVH LQGLFDWLRQ IRU PDQRHXYUH ,Q WKLV PRGH WKH FKDVVLV DQJOH ș) LV PHDVXUHG YLD
J\URVFRSHDQG&2*¶VDQJOHșV) LVFDOFXODWHGXSRQ WKLVYDOXHZLWKDGGLQJEHIRUHFDOFXODWHGDQJOHșV))
$IWHU FKDQJH RI ORDG E\ DGGLQJ RU UHPRYLQJ VKLSPHQWV LQ VWDQGVWLOO WKH DOJRULWKP VZLWFKHV WR ³UHORDG
PRGH´DJDLQ$WWKLVFKDQJHRIORDGLVGHWHFWHGXVLQJDUHODWLYHVLPSOHIRUFHVHQVRU,WPXVWQRWEHDEOHWR
PHDVXUHH[DFWYDOXHVRIORDGIRUFH)/EXWRQO\FKDQJHRI)/
7KH VHFRQG FRQFHSW LV EDVHG RQ UHIHUHQFHYDULDEOH IHHG IRUZDUG FRQWURO GHSHQGHQW RQ WKH VLJQDOV
PHDVXUHG DW WZR KDQG JULSV 7KHVH PHDVXUHG VLJQDOV PD\ EH HLWKHU IRUFHV DSSOLHG WR WKH JULSV RU
GLVSODFHPHQWRIDVKLIWDEOHJULSWKXVDGPLWWDQFHFRQWURORUSDVVLYHLPSHGDQFHFRQWURO
8VXDOO\ZLWKUHIHUHQFHYDULDEOHIHHGIRUZDUGVWDWHVSDFHFRQWUROQRQRPLQDODFWXDOYDOXHFRPSDULVRQ
LV SUHVHQW IHHG IRUZDUG LV DGGHG RQO\ WR WKH LQSXW YHFWRU X ZKLFK OHDGV WR SHUPDQHQW RIIVHW LQ WKH
IHHGEDFN YDULDEOHV ,Q 5RSSHQHFNHU  D FRQFHSW IRU 6,62 UHIHUHQFHYDULDEOH IHHG IRUZDUG VWDWH
VSDFHFRQWUROZLWKQRPLQDODFWXDOYDOXHFRPSDULVRQLVLQWURGXFHGZKLFKHOLPLQDWHVWKLVRIIVHWDQGDOORZV
IRU VHOHFWLYH DGMXVWPHQW RI UHDFWLRQ RQ UHIHUHQFHYDULDEOH UHVSRQVH DV ZHOO DV NQRZQ DQG XQNQRZQ
GLVWXUEDQFHV7KLVFRQFHSWLVHQKDQFHGWRWKH0,02V\VWHPRIWKHXQLD[LDOWUDQVSRUWYHKLFOH
,QJHQHUDOWZRPDLQREMHFWLYHVDUHWREHDFKLHYHG7KHILUVWREMHFWLYHLVHOLPLQDWLRQRIHLWKHUWKHIRUFH
DSSOLHGWRWKHJULSVRUWKHJULSV¶GLVSODFHPHQWLHOHWWKHYHKLFOHIROORZWKHXVHU¶VPRYHPHQWVDQGOHWKLP
RUKHUJXLGHWKHYHKLFOHZLWKPLQLPXPHIIRUW7KHVHFRQGREMHFWLYHLVVWDEOHKXPDQYHKLFOHLQWHUDFWLRQ
LHWKHXVHU¶VVHFXULW\DVGHVFULEHGLQ6XUGLORYLFHWDO
&RQFOXVLRQVDQG2XWORRN
&RQFOXVLRQV
2XU JRDO ZDV WKH GHYHORSPHQW RI D YHKLFOH V\VWHP IRU XUEDQ VKLSPHQW DQG GHOLYHU\ EDVHG RQ WKH
GHOLYHUDEOHV DFKLHYHGZLWKLQ(8 UHVHDUFK SURMHFW ),'(86&RUHRI WKLV GHYHORSHG YHKLFOH V\VWHP LV D
XQLD[LDOWUDQVSRUWXQLWGHVLJQHGIRUDSSOLFDWLRQERWKDVSDUWRIDPXOWLSOHWUDLOHUYHKLFOHDQGDVXQLD[LDO
KDQGJXLGHGIUHLJKWWUDQVSRUWXQLW
$Q H[SHULPHQWDO YHKLFOH RI WKH WUDQVSRUW V\VWHPZDV EXLOW DQG WHVWHG DW )UDXQKRIHU ,3. ,W DIIRUGV
UHVHDUFK RQ FRQWUROOHU V\QWKHVLV IRU WUDFN IROORZLQJ DELOLW\ LQ WUDLQPRGH DQG IRU EDODQFLQJ DQG KDQG
JXLGHGPDQRHXYUH LQ VLQJOHPRGH&XUUHQW UHVHDUFK IRFXVHVRQ LPSURYLQJ FRQWUROOHU SHUIRUPDQFHZLWK
WKHREMHFWLYHRIVWDELOLW\DQGHUJRQRPLFXVDELOLW\LQKDQGJXLGHGVLQJOHPRGH
7KH GHVLJQ SURWRW\SH GHYHORSHG DQG EXLOW DOORZV IRU ILUVW ILHOG WHVWV:KLOH FXUUHQW WHVWV XVLQJ WKH
H[SHULPHQWDO YHKLFOH XQGHU ODERUDWRU\ FRQGLWLRQV IXQFWLRQ DV WKH YHKLFOH¶V SURRI RI FRQFHSW IURP WKH
WHFKQLFDOSRLQWRIYLHZWKHVHILHOGWHVWVZLOOIXQFWLRQDVSURRIRIFRQFHSWIURPWKHXVHUSRLQWRIYLHZLH
DFFHSWDQFHRIWKHYHKLFOHV\VWHPE\GHOLYHUHUVFXVWRPHUVDQGSHGHVWULDQV0DLQLQGLFDWRUGRPDLQVIRUWKH
GHWDLOHGDQDO\VLVZLOOEH
x WUDIILFHJWUDIILFUHGXFWLRQUHGXFWLRQRIWUDIILFGLVWXUEDQFHV
x FRPPHUFLDOHFRQRP\HJLPSURYHPHQWRIHIILFLHQF\DQG
x VDIHW\ULVNUHGXFWLRQGXULQJYHKLFOHRSHUDWLRQLQSHGHVWULDQDUHDV
(YDOXDWLRQ UHVXOWV ZLOO EH DFKLHYHG E\ PHDVXULQJ TXDQWLWDWLYH LQGLFDWRUV VXFK DV WHPSRUDO
FKDUDFWHULVWLFVRIWKHGHOLYHU\URXWHDVDUHVXOWRI*36SRVLWLRQGDWDLQWKHFRQYHQWLRQDOVLWXDWLRQDVZHOO
DVZLWKXVDJHRIWKH0LFUR&DUULHUYHKLFOHV\VWHPDQGE\FROOHFWLQJTXDOLWDWLYHLQIRUPDWLRQE\DQDO\VLVRI
LQWHUYLHZVDQGTXHVWLRQQDLUHVWKDWZLOOFROOHFWLQIRUPDWLRQDERXW&(3SURYLGHUV¶HPSOR\HHV¶LPSUHVVLRQV
ZLWKXVLQJ0LFUR&DUULHUV
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:KLOH FXUUHQW UHVHDUFK IRFXVHV RQ FRQWUROOHU RSWLPL]DWLRQ 0LFUR&DUULHU¶V QH[W DSSOLFDWLRQ DQG
HYDOXDWLRQ LV SODQQHG LQ FRQQHFWLRQZLWK QHZ GHOLYHU\PHWKRGV GHYHORSHGZLWKLQ (8 UHVHDUFK SURMHFW
&LW\ORJ VHYHQWK IUDPHZRUN SURJUDPPH WKHPH  VXVWDLQDEOH VXUIDFH WUDQVSRUW ZKRVH JRDO LV
RSWLPL]DWLRQRIXUEDQVKLSPHQWDQGGHOLYHU\E\PHDQVRIVRSKLVWLFDWHGORJLVWLFFRQFHSWV:LWKLQ&LW\ORJ
ILHOGWHVWVDUHSHUIRUPHGLQ%HUOLQ*HUPDQ\/\RQ)UDQFHDQG5HJLRQ3LHPRQWH,WDO\
)XWXUH WRSLFV FRQFHUQLQJ GDLO\ RSHUDWLRQ ZLOO EH UHVHDUFK RQ DQ LQWHOOLJHQW DQWLWKHIWV\VWHP DQG
LQYHVWLJDWLRQWRREWDLQOHJDOUHTXLUHPHQWVIRUGULYLQJRQVLGHZDONVDVZHOODVLQSHGHVWULDQ]RQHVZLWKRXW
WHPSRUDOUHJXODWLRQV
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